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Abstract 
In this paper we present a theoretical study of light trapping in polycrystalline silicon (poly-Si) thin-film solar cells 
with scattering surfaces, using the commercial software Advanced Semiconductor Analysis (ASA). Light scattering 
in ASA is modelled by haze parameters and angular distribution functions. The effects of these functions on the 
calculated absorption in poly-Si thin-film solar cells are investigated. An expected result of this investigation is that 
the optical absorption increases with an increasing fraction of light being scattered. This increased absorption results 
in a higher photocurrent generation and, thus, in an improved solar cell efficiency. For poor material quality, 
however, a higher haze value can also result in a decrease in the short-circuit current due to increased recombination 
losses. Additionally, our results show that, for poor material quality, a front surface texture is to be preferred over a 
rear surface texture. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Solar Energy 
Research Institute of Singapore (SERIS) – National University of Singapore (NUS). The PV Asia Pacific 
Conference 2011 was jointly organised by SERIS and the Asian Photovoltaic Industry Association 
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1. Introduction 
Silicon thin-film photovoltaics (PV) have a large potential for lowering the manufacturing cost of solar 
cells and modules because of the reduction in material consumption and the ability to fabricate the solar 
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cells on inexpensive foreign substrates [1].  However, due to the reduction in the thickness of the absorber 
material and due to lower material quality, the efficiency of thin-film crystalline silicon solar cells is much 
lower than the efficiency of silicon wafer solar cells. One way to improve the efficiency of thin-film 
silicon solar cells is to implement light trapping, i.e., a technique to prolong the light path in the solar cell. 
Light trapping structures are implemented because in thin-film silicon solar cells not all red and near-
infrared photons are absorbed if the pathlength of the light inside the material is not much larger than the 
crystalline silicon layer thickness [2]. 
Light trapping can be implemented by adding a scattering texture to one or several of the interfaces in 
the thin-film solar cell system. In order to implement these textures properly, however, detailed under-
standing of light scattering in thin-film silicon solar cells is important. Unfortunately, the light distribution 
inside a silicon thin-film is not experimentally accessible. For this reason, optical simulation becomes an 
essential tool to link the cell performance to the measured geometrical and optical characteristics of the 
scattering texture. 
 Various two-dimensional crystalline semiconductor device simulation packages are commercially 
available [3]. Several advanced programmes for modelling thin-film solar cells, for instance the Analysis 
of Microelectronic and Photonic Structures (AMPS) programme, the ASPIN programme, and the 
Advanced Semiconductor Analysis (ASA) programme have been developed by various research groups 
[2]. Research has also been done on optical modelling of different thin-film silicon solar cell structures 
and light trapping configurations. For instance, Zeman et al. have studied the effect of contacts and 
interface roughness on a-Si thin-film solar cells [4, 5]. Dominé et al. have modelled the light scattering 
from micro or nano-textured surfaces [6]. Further work was done on the experimental evaluation of the 
light trapping potential of different optical structures and their mathematical description [7-9]. 
In the present work, the Advanced Semiconductor Analysis (ASA) [10] programme is used to 
investigate the optical performance of polycrystalline silicon (poly-Si) thin-film solar cells with scattering 
surfaces. Different heuristic models to describe the scattering process are applied and compared. Further-
more, the effect of texturing on the generated short-circuit current density is investigated for the case that 
only one solar cell surface, either front or rear, is textured.  
This preliminary work provides insight on how to describe poly-Si thin-film solar cells in advanced 
thin-film simulation programmes such as ASA, in particular how different optical parameters will affect 
the short-circuit current of poly-Si thin-film solar cells. The understanding of the relation between light 
trapping and solar cell performance also allows improving the design of poly-Si thin-film solar cells. 
2. Model in ASA 
2.1. The investigated solar cell structure 
The structure of the polycrystalline silicon (poly-Si) thin-film solar cell investigated in this work is 
shown in Fig. 1. The three poly-Si layers (n+, n, p) are assumed to be uniformly doped with doping levels 
of 4u1019, 1u1016 and 1u1016 cm-3, respectively.  Absorption coefficients and refractive indices of mono-
crystalline silicon from the literature [11] are used in the current work, due to the lack of experimental 
data for poly-Si thin-film material. For simplicity, the effects of doping on the absorption properties are 
neglected. To simulate the solar cell’s electrical response, semiconductor equations are solved, namely the 
Poisson equation, the continuity equations and the charge carrier transport equations. The mobility in the 
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n-layer is 71 cm2/Vs and in the p-layer is 35 cm2/Vs. The current-voltage characteristics are simulated 
using the AM1.5G spectrum.
             
Fig. 1. Structure of the poly-Si thin-film solar cell on glass investigated in this study. 
2.2. Optical modelling
In the optical model, light is divided into two fractions: specularly reflected or transmitted light and 
scattered light. Specularly reflected or transmitted light is treated coherently, whereas scattered light is 
treated incoherently. The main parameters for the description of scattered light are the angular distribution 
function (ADF), a heuristic function which describes the angle dependence of the scattered light, and the 
haze value HR/T, which is defined as the ratio between the diffuse and the total intensity, for both reflected 
and transmitted light. 
HR = Rdiff/(Rdiff+Rspec),  HT = Tdiff/(Tdiff+Tspec)           (1)
In this Eq., R/Tdiff are the diffuse, R/Tspec the specularly reflected or transmitted intensity. Optical and 
electrical responses are compared between cells with different haze values and angular distribution 
functions. In poly-Si thin-film solar cells, light scattering happens at the front interface (between the anti-
reflection layer (SiN) and the poly-Si layer) and at the rear interface between the p-type poly-Si layer and 
the aluminium rear contact (Fig. 1). To model the texturing effect, the haze parameters and ADFs are 
defined at the two interfaces marked in Fig. 1. Two different functions (“cosine square” and “uniform”) 
are used to describe the light distribution resulting from the scattering at the interfaces. 
2.3. Bulk recombination
The bulk recombination is simulated with the Shockley-Read-Hall model, using a midgap defect level. 
The diffusion lengths in the three poly-Si layers (n+, n, p) are set to 75, 1300 and 2050 nm, respectively. 
The charge carrier lifetimes in the lightly doped p and n-type layers can be estimated from the diffusion 
lengths to be of the order of 10-9 and 10-8 s, respectively. Using these parameters, the simulated short-
circuit current fits the measured current from literature for the planar structure [12]. This procedure 
represents a calibration of our model with respect to the quality of the absorber material.       
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3. Results and discussion 
3.1. The effect of different haze values 
   In practice, it is very hard to achieve complete scattering of light through surface texturing.  To 
address this issue, different haze values are assumed in the poly-Si structure. Experimentally, different 
haze values can be achieved by changing the roughness of the textured surface. In this model, an angular 
distribution function described by a cosine square function is assumed at both interfaces, front and rear. 
Furthermore, we assume that the haze value is the same at the front and at the rear interface, and that it is 
also the same for reflected and for transmitted light. 
    The external quantum efficiency increases as the haze value increases, as demonstrated in Fig 2. 
Larger haze values mean that more light is scattered and, therefore, light is trapped inside the solar cell for 
a longer time before escaping. As a result, the absorption of light at long wavelengths is enhanced. The 
enhancement in absorption leads to an increase in EQE at wavelengths above 500 nm. As shown in Fig. 3, 
the short-circuit current density has increased by around 20% and the efficiency of the solar cell increases 
from around 5.7% to 7.5%. 
    It is noticed that for a very large haze value (in this case haze = 1), the short-circuit current density 
decreases and the efficiency drops as well. This drop in efficiency can be explained by the assumption 
that, for very large haze values, more light is absorbed in regions subjected to high recombination losses. 
Two such regions are found in the exemplary solar cell. The first region is the highly doped region very 
close to the front surface and the second is at the rear side of the cell. Close to the front, generated charge 
carriers are subject to Auger recombination in the “dead layer”. Charge carriers at the rear may recombine 
on their path through the cell due to the high bulk recombination. 
   
Fig. 2. Simulated EQE in the poly-Si solar cell with different percentage of scattered light, represented by different haze values.
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Fig. 3. Electrical responses (short-circuit current, efficiency) of a poly-Si solar cell with different percentage of scattered light.  
3.2. Front surface texturing vs. rear surface texturing 
In some thin-film solar cells, it was found that it is challenging to achieve a good material quality if the 
material is deposited on a rough surface [13]. Therefore, solar cells with a textured rear surface instead of 
a textured front surface have been investigated experimentally [2]. In order to model the resulting effects, 
the influence of single surface texture was investigated. The results of this investigation are presented in 
this section. In this study, we assume a uniform angular distribution function and a haze value of 0.5 for 
each textured interface (either SiN/emitter or p-type absorber/Al).  
Fig. 4. Simulated absorptance of light (left) and EQE (right) inside the solar cell with different surface(s) being textured. 
If only the front surface is textured, the absorptance increases for the complete relevant spectrum (400-
1200 nm). However, the increase of absorption for wavelengths above 1000 nm is mostly due to the 
absorption in the metal reflector. For a poly-Si thin film cell with only a textured rear surface, the 
absorption is increased to a lower extent. For wavelengths < 600 nm, it is not increased at all (Fig. 4, left). 
A slightly different picture is obtained for the calculated EQE (Fig. 4, right). Despite the increase in 
absorptance for wavelengths below 600 nm, the EQE of cells with only front surface texturing drops at 
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these wavelengths. We attribute this reduced conversion efficiency to the high recombination rate of 
carriers generated by high energy photons inside the emitter layer. At wavelengths greater than 550 nm, 
higher EQE is obtained by only front side texturing compared to only rear side texturing. This also 
indicates that with a poor material quality, the charge carriers generated at the rear side of the solar cell 
cannot be collected efficiently. 
The electrical response of the solar cell shows that with either surface being textured, there is an 
increase in short-circuit current density and efficiency when compared to a solar cell without texture 
(Table 1). The highest gain in current and efficiency is obtained if both surfaces are textured. A slightly 
lower gain is obtained if only the front surface is textured. The gain is significantly lower if only the rear 
surface is textured. It should be noted that the comparison did not take into account a possible degradation 
of the material quality due to the textured superstrate. As a result, the effect of front surface texturing on 
current and efficiency may be overestimated in this work.  
Table 1. Photocurrent changes with different surface(s) being textured. 
Description of the solar cell structure Short-circuit current density jsc Efficiency 
No surface texture 13.9 mA/cm2 5.7% 
Only front surface textured 17.5 mA/cm2 7.4% 
Only rear surface textured 15.6 mA/cm2 6.5% 
Both surfaces textured 18.0 mA/cm2 7.6% 
4. Conclusion 
In this paper, light absorption in poly-Si thin-film solar cells with scattering surfaces was studied 
theoretically using the ASA software. Surface texturing is an efficient way of improving light trapping in 
thin-film solar cells. The scattering process in ASA is described by two quantities: the haze value and the 
angular distribution function. The absorption in a poly-Si thin-film solar cell was investigated for a range 
of haze values and two different angular distribution functions. It was shown that, with more light being 
scattered, the optical and electrical response of thin-film poly-Si solar cells improves substantially. 
However, in solar cells with poor active material quality, it is possible that the efficiency decreases with 
increasing haze value. We assume that this decrease is due to distributing the absorption in the cell into 
unfavourable regions close to the front or close to the rear. Consequently, for the investigated structure, 
the solar cell efficiency is worse with all light being scattered than if only 80% of the light is scattered. 
Additionally, we showed that texturing of only the front surface is a more efficient technique compared 
to texturing of only the rear surface if the absorber material quality is low. Charge carriers generated at the 
rear are not as efficiently collected as charge carriers at the front due to the high bulk recombination. 
However, compared to a non-textured cell, there is still a significant improvement in short-current density 
and efficiency for rear side-textured solar cells. Therefore, if front surface texturing is not favourable, rear 
surface texturing techniques can still improve the solar cell performance. 
To further study the optical properties of poly-Si thin-film solar cells using ASA, parameters extracted 
from real solar cells are to be used. The textures on glass are to be described by mathematical models, so 
that the corresponding light scattering properties can be calculated. These light scattering properties will 
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be used as input parameters for ASA. The solar cell performance can therefore be evaluated and optimised 
for the respective experimentally achieved textures using the approaches discussed in this paper.  
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